A taxonomic study was carried out on strain 3PC125-7 T , which was isolated from the deep sea water of the Indian Ocean.
In an attempt to investigate polycyclic aromatic hydrocarbon (PAH)-degrading bacteria in deep seawater of the Indian Ocean, many bacterial strains were isolated and characterized taxonomically. One of these isolates, designated strain 3PC125-7
T , was chosen for further investigation. The results of comparative 16S rRNA gene sequence analysis indicated that 3PC125-7
T formed a clade within the genus Muricauda. The genus Muricauda, in the family Flavobacteriaceae, was first described by Bruns et al. [1] . As of December 2017, the genus comprises 13 species: Muricauda ruestringensis [1] , Muricauda flavescens and Muricauda aquimarina [2] , Muricauda lutimaris [3] , Muricauda lutaonensis [4] , Muricauda olearia [5] , Muricauda beolgyonensis [6] , Muricauda zhangzhouensis [7] , Muricauda taeanensis [8] , Muricauda antarctica [9] , Muricauda pacifica [10] , Muricauda lutea [11] and Muricauda marina [12] , all of which were isolated from saline environments. The aim of this study was to determine the taxonomic position of strain 3PC125-7
T by using a polyphasic approach.
Strain T was isolated from deep seawater of the Indian Ocean. The deep seawater was collected at a depth of 1400 m from the Indian Ocean (24 31¢ S, 69 55¢ E) in December 2005. The sample was enriched with PAHs and the strains were isolated on 216 l marine agar medium, comprising (g per l seawater) CH3COONa (1.0), Tryptone (10.0), yeast extract (2.0), sodium citrate (0.5), NH 4 NO 3 (0.2) and agar (15) (pH 7.5), following the method described by Lai et al. [13] . For morphological and biochemical characterization, all strains were cultivated on marine agar 2216 medium (BD, Difco) (MA).
Genomic DNA was prepared and the 16S rRNA gene was amplified according to a previously described method [14] . Sequences for related taxa were obtained from the GenBank database. Levels of 16S rRNA gene sequence similarity were determined using the EzBioCloud server [15] . A phylogenetic tree was reconstructed by using the program MEGA version 5.05 [16] . Distances (distance options according to the Kimura two-parameter model) and clustering with the neighbour-joining [17] , maximum-likelihood [18] and minimum-evolution [19] represented a member of the genus Muricauda (Fig. 1) . Clustering results using the minimum-evolution and maximum-likelihood approaches were similar to that obtained using neighbour-joining (Figs S1 and S2, available in the online version of this article). On the basis of the results of the above-mentioned analysis, M. marina H19-56 T (=MCCC 1K03196), obtained from the Marine Culture Collection of China, which formed a monophyletic cluster with 3PC125-7 T , the most closely related type strain M. olearia CL-SS4 T (=JCM 15563 T ), obtained from from the Japan Collection of Microorganisms, and the type strain of the type species of the genus M. ruestringensis B1 T (=DSM 13258 T ) from Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH (Braunschweig, Germany) were used as the reference strains. Unless otherwise specified, for all tests of the morphological, physiological and chemotaxonomic characteristics, 3PC125-7
T and the three reference strains were grown on marine agar or in marine broth 2216 (MA or MB; BD Difco) at 28 C.
Cellular morphology, flagella and appendages were observed by using transmission electron microscopy (model JEM-1230; JEOL), with cells from the early exponential growth phase on MA. The presence of endospores was studied using phase-contrast light microscopy (model 50i; Nikon) with cells were cultivated on MA at 28 C for 7 days. No flagella or spores were observed but some cells showed appendages similar to those previously reported in other species of the genus Muricauda [7] . Gram staining was carried out using a Gram stain kit (Hangzhou Tianhe Microorganism Reagent) according to the manufacturer's instructions. Gliding motility was investigated as described previously [20] . Catalase and oxidase activities, hydrolysis of starch, gelatin, Tween 80 and aesculin were examined according to previously described methods [21] . Anaerobic growth was tested on MA in an anaerobic jar with the Anoxomat Mark II Anaerobic System (Mart Microbiology) at 28 C for 21 days. The growth temperature of 3PC125-7
T was determined at 4, 10, 15, 20, 25, 28, 35, 40 and 45 C in MB. Tolerance to NaCl was tested by using the basic medium of Luria-Bertani broth supplemented with NaCl concentrations of 0, 0.5, 1, 2, and 3 % (w/v), and also by using MB supplemented with NaCl concentrations of 4, 5, 6, 7, 8, 9, 10, 12, 15, 18 and 20 % (w/v). The pH rannge for growth was tested in MB ranging from pH 3 to pH 11 (at one pH unit intervals), adjusting the pH with citrate-phosphate buffer (pH 3-7), Tris-HCl buffer (pH 8-9) or sodium carbonate-sodium bicarbonate buffer (pH 10-11). Other biochemical tests were carried out by using API ZYM, API 20NE and API 20E strips (bioM erieux) following the manufacturer's instructions, except that the cells used to inoculate the API strips were suspended in sterile seawater. The phenotypic characteristics of 3PC125-7 T are listed in Table 1 and in the species description.
The chromosomal DNA G+C content was determined by the method of Mesbah and Whitman [22] using reversephase HPLC. The chromosomal DNA G+C content of 3PC125-7
T was 41.8 mol%, which was in the range for members of the genus Muricauda (39.9-50.7 mol%) [7] .
For the analysis of fatty acids, cells were cultivated on MA at 28 C for 48 h. The harvested cells were saponified, methylated and extracted using the standard MIDI (Sherlock Microbial Identification System, version 6.0B) protocol. The fatty acids were then analyzed by gas chromatography (model 6850, Agilent Technologies) and identified using the TSBA6.0 database of the Microbial Identification System [23] . The quinones and polar lipids were analyzed according to previously described methods [24, 25] . The major fatty acids of 3PC125-7 T were iso-C 15 : 0 (29.8 %), iso-C 17 : 0 3-OH (23.2 %) and iso-C 15 : 1 G (11.4 %) (Table S1 ). These are the three major fatty acids of species of the genus Muricauda [7] . The only quinone detected (100 %) was menaquinone-6 (MK-6), which was the same as for other species of the genus Muricauda.
The polar lipids of 3PC125-7 T were phosphatidylethanolamine (PE), three unknown lipids and six unidentified phospholipids (Fig. S3) . The major polar lipid PE and some T and all reference strains in this study. Other data for the reference strains were taken from their original descriptions. All strains are rod-shaped bacteria, positive for oxidase, catalase, alkaline phosphatase, esterase lipase (C8), leucine arylamidase, valine arylamidase and acid phosphatase; all strains are negative for Gram-staining, a-fucosidase, nitrate reduction, urease, indole production, D-mannitol, potassium gluconate, adipic acid, malic acid, phenylacetic acid, maltose, trisodium citrate, lysine decarboxylase, ornithine decarboxylase, H 2 S production and oxidation of mannitol, inositol and sorbitol. +, Positive reaction; À, negative reaction; W, weakly positive. Facultatively anaerobic The results of the phylogenetic analysis, phenotypic analysis and chemotaxonomic studies presented above support the view that 3PC125-7 T represents a novel species of the genus Muricauda. However, the strain could be distinguished from closely related species of the genus Muricauda by some phenotypic characteristics listed in Table 1 .
Muricauda indica (in¢di.ca. L. fem. adj. indica Indian, referring to the Indian Ocean, where the type strain was isolated).
Cells are rod-shaped (about 0.2-0.6 µm in width and 1.1-5.3 µm in length; Fig. S4 ), Gram-stain-negative, non-sporeforming, non-gliding, catalase-and oxidase-positive, and strictly aerobic. Colonies are light brown-yellow, smooth, raised in the centre and 2-3 mm in diameter on MA after culture at 28 C for 3 days. The bacterium grows at 10-41 C (optimum 25-37 C), at pH 6-9 (optimum pH 7) and in 0-10 % (w/v) NaCl (optimum 1-3 %). In the API ZYM tests, positive for alkaline phosphatase, esterase (C4), esterase lipase (C8), valine arylamidase, cystine arylamidasease, leucine arylamidasease, trypsin, acid phosphatase and b-glucosidase; weakly positive for lipase (C14), a-glucosidase, a-galactosidase, b-galactosidase, N-acetyl-b-glucosaminidase and amannosidase; negative for a-chymotrypsin, b-glucuronidase, naphtol-AS-Bl-phosphoamidase and a-fucosidase. In the API 20NE tests, positive for D-glucose fermentation b-glucosidase and b-galactosidase, but negative for nitrate reduction, indole production, arginine dihydrolase, urease, gelatin hydrolysis, and utilization of D-glucose, D-mannose, D-mannitol, N-acetyl-glucosamine, maltose, potassium gluconate, L-arabinose, capric acid, adipic acid, malic acid, trisodium citrate and phenylacetic acid. In the API 20E tests, positive for b-galactosidase, acetoin production, citrate utilization (weak reaction) and fermentation of glucose, rhamnose, sucrose, melibiose, amygdalin and arabinose; negative for activities of urease, arginine dihydrolase, lysine decarboxylase, gelatinase, tryptophan deaminase and ornithine decarboxylase, H 2 S and indole production, and fermentation of mannitol, inositol and sorbitol. The predominant fatty acids are iso-C 15 : 0 , iso-C 17 : 0 3-OH and iso-C 15 : 1 G. The only respiratory quinone is MK-6. The major polar lipids are phosphatidylethanolamine, three unknown lipids and six unidentified phospholipids.
The type strain 3PC125-7 T (MCCC 1A03198 T =KCTC 52318 T ) was isolated from the deep sea water of the Indian Ocean. The DNA G+C content of the type strain is 41.8 mol%. 
